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(57) ABSTRACT

A method includes 1nserting 1nto a patient organ a catheter
including a position sensor, a device and a handle. The
position sensor 1s attached to a distal end of the catheter. The
device 1s movable along the catheter. The handle includes a
control for navigating the device along the catheter to a
target location in the patient organ. Based on a location of
the position sensor, a target position of the control on the
handle that corresponds to the target location of the device
1s estimated. A marker 1s set to mark the target position of the
control on the handle, and the device 1s navigated to the
target location by setting the control to the marker.
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BALLOON POSITIONING IN A SINUPLASTY
PROCEDURE

FIELD OF THE INVENTION

The present invention relates generally to mvasive medi-
cal devices, and particularly to methods and systems for
balloon positioning in sinuplasty procedures.

BACKGROUND OF THE INVENTION

Catheters comprising an inflatable balloon may be used in
various medical applications, such as sinuplasty.

For example, U.S. Patent Application Publication 2014/
0107427, now U.S. Pat. No. 9,579,448, 1ssued Feb. 28,
2017, whose disclosure 1s incorporated herein by reference,
describes a medical device for the treatment and irrigation of
a sinus opening. The device allows for single-handed opera-
tion to access, dilate and irrigate a sinus opening. The device
includes a sinus guide 15 catheter, a guiding element, a
balloon dilation catheter, a balloon catheter movement
mechanism and a guiding element movement mechanism. A
method for treating a sinus opening and irrigating a sinus 1s
also described.

U.S. Patent Application Publication 2013/0184683, now
U.S. Pat. No. 9,095,646, 1ssued on Aug. 4, 2015, whose
disclosure 1s mncorporated herein by reference, describes a
medical device for the treatment of a sinus opening. The
medical device comprises a proximal end, a distal end, and
a shaft system having an inflation lumen and an irrigation
lumen the proximal and. The shaft system has a proximal
shaft section and a distal shaft section. An 1nflatable balloon
1s attached to the distal shait section 1 a position that is
proximal to said distal end.

U.S. Patent Application Publication 2012/0259217, now
U.S. Pat. No. 9,238,126, i1ssued on Jan. 19, 2016, whose
disclosure 1s 1incorporated herein by reference, describes a
method of dilating a paranasal sinus ostium of a patient. The
method includes inserting a catheter having at least one
balloon into a sinus ostium having an ostial wall, inflating
the balloon by supplying fluid thereto such that the balloon
exerts a force on the ostial wall, determining at least one
parameter of the balloon, establishing an amount the balloon
can be intlated without fracturing the sinus ostium based at
least in part on the determined parameter of the balloon, and
dilating the sinus ostium by inflating the balloon to an
amount that does not exceed the established amount.

SUMMARY OF THE INVENTION

An embodiment of the present invention that 1s described
herein provides a method including inserting 1into a patient
organ a catheter including a position sensor, a device and a
handle. The position sensor 1s attached to a distal end of the
catheter. The device 1s movable along the catheter. The
handle includes a control for navigating the device along the
catheter to a target location 1n the patient organ. Based on a
location of the position sensor, a target position of the
control on the handle that corresponds to the target location
of the device 1s estimated. A marker 1s set to mark the target
position of the control on the handle, and the device 1s
navigated to the target location by setting the control to the
marker.

In some embodiments, the method includes acquiring an
anatomical 1image of the organ before nserting the catheter,
and registering the location of the position sensor with the
anatomical 1mage. In other embodiments, allowed boundar-
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ies for the target location relative to the anatomical image
are determined, and the target position 1s estimated based on
the location of the position sensor on the anatomical image,
the allowed boundaries, and predefined dimensions of the
device. In yet other embodiments, the marker includes an
adjustable mechanical stopper. A position of the mechanical
stopper 1s adjusted to the target position on the handle, and
the control 1s slid until hitting the stopper.

In an embodiment, the device includes an anchoring

device for anchoring the distal end of the catheter in the
body of the patient. In another embodiment, the anchoring
device includes an intlatable balloon.
There 1s additionally provided, in accordance with an
embodiment of the present invention, a system including a
catheter and a processor. The catheter includes an 1nsertion
tube for insertion into a patient organ, a position sensor, a
device and a handle. The position sensor 1s attached to a
distal end of the catheter and 1s configured to provide a
position of the distal end 1n the patient organ. The device 1s
configured to move along the catheter. The handle includes
a control, which 1s configured to navigate the device along
the catheter to a target location 1n the patient organ. The
processor 1s configured to estimate, based on a location of
the position sensor, a target position of the control on the
handle that corresponds to the target location of the device,
and to set a marker to mark the target position of the control
on the handle.

The present invention will be more fully understood from
the following detailed description of the embodiments

thereof, taken together with the drawings 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic, pictorial illustration of a sinuplasty
surgical system, 1n accordance with an embodiment of the
present 1nvention;

FIG. 2 1s a schematic, pictorial illustration of a sinuplasty
catheter, 1n accordance with an embodiment of the present
invention; and

FIG. 3 1s a flow chart that schematically illustrates a
method for positioning a balloon 1n a sinus opening, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

Balloon catheters may be used 1n various medical proce-
dures, for example 1n treating ear-nose-throat (ENT) dis-
cases such as sinusitis. In sinuplasty procedures that are used
for treating sinusitis by 1mserting a catheter with an inflatable
balloon imto the ENT system, it 1s important to accurately
position the balloon 1n the ostium of the sinus.

During navigation of the catheter within the ENT system,
a physician may not have direct view or internal 1maging of
the sinus, and may therefore be unable to see the actual
position of the balloon 1n the ENT system. In such cases, the
physician may position and inflate the balloon at a wrong
location, e.g., partially or fully out of the sinus ostium, and
may have to deflate the balloon and re-attempt the naviga-
tion until the balloon 1s properly positioned. Umntended
application of more than a single navigation cycle prolongs
the procedure, causes unnecessary pain, and may cause
damage to the ENT system of the patient.

Embodiments of the present invention that are described
hereinbelow provide improved techniques for accurate posi-
tioning of a balloon 1n the sinus ostium, or 1n any other target




US 10,321,913 B2

3

location 1n the ENT system of the patient. The disclosed
methods and systems may be used 1 various minimally

invasive procedures that require accurate positioning of a
balloon. The disclosed techniques can be implemented in
various types of medical devices, and used 1n any suitable
catheterization procedure that uses an inflatable balloon. The
disclosed techniques can more generally be used for accu-
rate positioning of other devices that are iserted into a
patient body.

In some embodiments, during procedure planning and
before 1nserting the catheter, the physician acquires one or
more anatomical images of the ENT system of the patient.
The physician then inserts the catheter into the ENT system,
for example through the nose. In some embodiments, the
catheterization system comprises a catheter, a position track-
ing system, which 1s configured to track the position of the
distal end of the catheter in the patient body, and an
operating console comprising a processor.

In an embodiment, the catheter comprises a guidewire
along which an inflatable balloon can be positioned, and a
position sensor attached to the tip of the guidewire. The
catheter further comprises a handle comprising controls for
navigating the guidewire and the balloon.

The physician navigates the distal end of the guidewire to
the target location of the balloon, while the processor tracks
the position of the tip by registering between the anatomical
image and the position sensor. After positioning the distal tip
at the target location, the processor uses the tracked location
ol the position sensor to estimate the setting of the relevant
control of the handle that will bring the balloon to the target
location.

In some embodiments, the processor displays the esti-
mated location to the physician, who sets a marker on the
handle. The marker may comprise, for example, an adjust-
able mechanical stopper that stops the balloon control on the
handle at the appropnate location.

The physician navigates the balloon to the target location
by setting the balloon control to the marker/stopper and
carries out the sinuplasty procedure (e.g., intlating the bal-
loon to anchor the distal end of the catheter and treating the
s1nus1tis).

The proposed techniques enable the physician to accu-
rately position the balloon, or any other suitable medical
device, 1 the target location i a single attempt, thus
reducing unnecessary pain, avoilding potential damage to the
patient and shortening the sinuplasty procedure.

System Description

FIG. 1 1s a schematic pictonal 1llustration of a sinuplasty
procedure using a surgical system 20, 1n accordance with an
embodiment of the present invention. System 20 comprises
a catheter 28, which a physician 24 inserts into a nose 26 of
a patient 22 so as to treat an ear-nose-throat (ENT) disease,
such as infection 1n one or more sinuses of patient 22.

System 20 further comprises a console 33, which com-
prises a processor 34, typically a general-purpose computer,
with suitable front end and interface circuits for receiving
signals from catheter 28, via a cable 32, and for controlling
other components of system 20 described herein. Console 33
turther comprises input devices 39 and a display 36, which
1s configured to display data (e.g., images) received from
processor 34 or inputs inserted by a user (e.g., physician 24).

Reference 1s now made to an inset 40 that shows a frontal
anatomical view of the ENT system of patient 22. The ENT
system comprises a frontal sinus 42 and a maxillary sinus
46. Ostia 44 and 48 connect between cavities of the nose (not
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shown) and sinuses 42 and 46, respectively. Catheter 28
comprises a guidewire 29 having a distal end 38. In an
embodiment, the tip of distal end 38 comprises a position
sensor 56 attached at the end of a residual end section 55 of
guidewire 29. Catheter 28 further comprises an inflatable
balloon 50, which may be configured 1n two positions, e.g.,
an expanded (inflated) position and a collapsed position.
When Balloon 50 1s 1n the collapsed position, the catheter
can be navigated to the target location. The balloon 1s then
inflated to the expanded position using a suitable fluid (e.g.,
a saline solution so as to anchor catheter 28 at the target
location (e.g., ostium 44) in the ENT system of patient 22.

Catheter 28 further comprises a handle 30, which 1s
located at the proximal end of catheter 28. Handle 30 1is
configured to control the navigation of guidewire 29 and the
motion of balloon 50 along guidewire 29. Handle 30 1s
described 1n details 1n FIG. 2 below.

In an embodiment, the position of position sensor 56 1s
typically measured by magnetic position sensing in catheter
tracking system comprised in system 20. In this case,
console 33 comprises a driver circuit (not shown), which
drives magnetic field generators (not shown) placed at
known positions external to patient 22 lying on table 31, e.g.,
below the patient’s head.

This method of position sensing 1s implemented 1n vari-
ous medical applications, for example, in the CARTO™

system, produced by Biosense Webster Inc. (Diamond Bar,
Calif.) and 1s described 1n detail in U.S. Pat. Nos. 5,391,199,

6,690,963, 6,484,118, 6,239,724, 6,618,612 and 6,332,089,
in PCT Patent Publication WO 96/05768, and 1n U.S. Patent
Application Publications 2002/0065455 Al, now U.S. Pat.
No. 6,690,963, 1ssued on Feb. 10, 2004, 2003/0120150 Al
, nhow U.S. Pat. No. 7,729,742, 1ssued on Jun. 1, 2010, and
2004/0068178 Al, now abandoned, whose disclosures are
all incorporated herein by reference.

During the sinuplasty procedure, physician 24 navigates
the tip of gumidewire 29 mto sinus 42. In some cases, €.g.,
when treating infection in the sinus, it 1s important for the
physician to anchor the distal tip of the catheter, for example
by inflating balloon 50 1n ostium 44. In an embodiment,
balloon 50 may be 16 mm long and may have a diameter of
5 mm, such as sinuplasty balloon produced by Acclarent Inc.
(catalog number RSPOS16MEFS), vet any other suitable
balloon with other dimensions may be used in the disclosed
techniques.

After mserting distal end 38 into the ENT system, phy-
sician 36 navigates balloon 30 to ostium 44. Note that,
typically, balloon 50 does not comprise a position sensor and
1s not otherwise imaged on display 36. To perform the
treatment safely and efliciently, 1t 1s important to position
balloon 50 accurately within ostium 44. For example, posi-
tioning balloon 50 in the nose cavity, short of ostium 44,
may not allow the physician to anchor end section 35 within
sinus 42, whereas positioning the balloon within sinus 42,
deeper than ostium 44, may disturb the physician in treating
the infection therein.

In the example of FIG. 1, balloon 50 1s used for anchoring,
end section 55 within sinus 42. In alternative embodiments,
any other suitable device may be positioned using the
disclosed techmiques, nstead of balloon 50. Such a device
may comprise, for example, an alternative anchoring device
for anchoring the end section or for any other diagnostic or
treatment purpose. For example, a balloon may be used for
treating cardiac arrhythmia at a pulmonary vein (PV) ina PV
1solation procedure. In other applications, a drug dispensing
device or a stent may be navigated to a specific location 1n
a human organ, using the techmques described above.
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In some embodiments, processor 34 1s configured to assist
physician 24 to position balloon 50 accurately within osttum

44 as will be described in detail in FIGS. 2 and 3 below. FIG.

1 shows only elements related to the disclosed techniques,
for the sake of simplicity and clarity. System 20 typically
comprises additional modules and elements that are not
directly related to the disclosed techniques, and thus, mnten-
tionally omitted from FIG. 1 and from the corresponding
description.

Processor 34 may be programmed 1n software to carry out
the functions that are used by the system, and to store data
in a memory (not shown) to be processed or otherwise used
by the software. The software may be downloaded to the
processor 1n electronic form, over a network, for example, or
it may be provided on non-transitory tangible media, such as
optical, magnetic or electronic memory media. Alterna-
tively, some or all of the functions of processor 34 may be
carried out by dedicated or programmable digital hardware
components.

FIG. 2 1s a schematic, pictorial illustration of catheter 28,
in accordance with an embodiment of the present invention.
Distal end 38 comprises position sensor 56 at the tip of
guidewire 29. The length of end section 55 represents the
distance between sensor 36 and the position of balloon 50
along the guidewire. In an alternative embodiment, any
suitable arrangement of balloon 50 and sensor 56 along
guidewire 29 may be used.

In an embodiment, balloon 50 1s movable along guidewire
29, but 1s navigated separately from navigation of the
guidewire 1itself. The length of end section 35 i1s thus
adjustable and controllable by handle 30.

Reference 1s now made to an inset 38, which 1s a top-view
of handle 30 showing the controls that are used for navi-
gating guidewire 29 and for moving balloon 50 along the
guidewire. Handle 30 comprises a wire slider 60, which 1s
configured to slide guidewire 29 into sinus 42, and a wire
spinner 62, which 1s configured to spin distal end 38, for
example during the navigation of distal end 38. Handle 30
turther comprises a balloon slider 66, which 1s configured to
move balloon 50 along guidewire 29, so as to position the
balloon 1n ostium 44. Physician 24 manipulates wire slider
60, wire spinner 62 and balloon slider 66 as part of the
sinuplasty procedure.

In some embodiments, handle 30 comprises a scale 68 and
an adjustable marker 64. Marker 64 indicates the position of
position slider 66 that brings balloon 50 to 1ts target location
in ostium 44. In an embodiment, processor 34 1s configured
to estimate the correct position of marker 64 on scale 68 and
to display the estimated marker position to the physician.

In an embodiment, processor 34 receives the location of
the distal end from the position tracking system that tracks
position sensor 36. Processor 34 1s configured to apply
image processing techniques to the C'T 1mage to determine
the boundaries of sinus 42 so as to set the target location of
balloon 50. The processor 1s further configured to estimate
the length of ostium 44 based on the CT image, and by
additionally considering the predefined length of balloon 50
to estimate the position of marker 64 on scale 68.

Processor 34 1s further configured to display the estimated
position of adjustable marker 64 on scale 68, which corre-
sponds to the target location of balloon 50 in ostium 44. In
the example of iset 38, physician 24 may position balloon
50 at the target location (e.g., ostium 44) by sliding balloon
slider 66 forward about 2.5 cm, until hitting the position of
marker 64 at number 7.5 on scale 68. Using this technique,
the physician 1s able to position balloon 50 with high
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accuracy, even though the balloon does not comprise a
position sensor and 1s not otherwise imaged on display 36.

In some embodiments, marker 64 may be a mechanical
stopper, which an operator (e.g., physician 24) sets manually
based on an mput from processor 34 on display 36. In
alternative embodiments, marker 64 1s implemented as an
optical display on scale 68. In yet alternative embodiments,
scale 68 and marker 64 may be implemented as a digital
scale and a digital marker, respectively, so that processor 34
may display marker 64 directly on scale 68. Processor 34
may further provide physician 24 with an indication when
slider 66 hits the position of marker 64. In some embodi-
ments, marker 64 1s implicit, e.g., it may comprise only an
indication of the value on scale 68 at which slider 66 1s to
be positioned. Further alternatively, any other suitable mark-
ing apparatus formed in software and/or hardware can also
be used.

The configuration of handle 30 and 1ts various controls, as
shown 1n FIG. 2, 1s an example configuration that 1s chosen
purely for the sake of conceptual clarity. In alternative
embodiments, the disclosed techniques can be used with any
other suitable handle configuration. For example, the posi-
tion of balloon 50 may be controlled using any other suitable
type of control, not necessarily using a linear slider such as
slider 66. For example, the position of balloon 50 may be
controlled by a rotary dial or knob. The shape of scale 68 and
the positioning of marker 64 are typically determined by the
shape and range of motion of the balloon control.

FIG. 3 1s a flow chart that schematically illustrates a
method for positioning balloon 50 1n ostium 44, in accor-
dance with an embodiment of the present mmvention. The
method begins with physician 24 inserting gmidewire 29 of
catheter 28 (as described 1n FIG. 2) 1mnto nose 26 of patient
22, at an insertion step 100.

In an embodiment, before starting the sinuplasty proce-
dure, physician 24 may acquire an anatomical image of the
head of patient 22, as shown for example in inset 40 of FIG.
1. The anatomical image may be obtained using any suitable
medical imaging technique, such as computerized tomogra-
phy (CT).

At a tip navigation step 102, physician 24 navigates end
section 55 into sinus 42. In some embodiments, physician 24
uses wire slider 60 to slide the guidewire, and wire spinner
62 to rotate the guidewire. Catheter 28 1s configured to
anchor end section 35 by inflating balloon 50 at the target
location, e.g., osttum 44. Sinus 42, in which physician 24
conducts the procedure (e.g., treating sinusitis or any other
ENT disease) 1s located deeper in the ENT system than
ostium 44. Therefore, physician 24 navigates position sensor
56, which 1s typically attached to the distal tip of section 55,
into sinus 42, deeper than ostium 44.

In an alternative embodiment, the position sensor may be
attached to the intended location of the balloon along the
guidewire, in which case physician 24 may navigate the
position sensor to ostium 44 instead of into sinus 42.

At a position estimation step 104, processor 34 receives
the location of position sensor 56, the CT 1mage and the
length of balloon 50, and estimates, based on these 1nputs,
the position of marker 64 on scale 68. The position of marker
64 corresponds to the balloon position along the guidewire
and therefore also 1n ostium 44.

At a marker setting step 106, physician 24 may receive
(e.g., as text 1 display 36) the marker position estimation
from processor 36 and adjust marker 64 manually, for
example as a mechanical stopper, on scale 68, as described
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above. In an alternative embodiment, processor 34 may
automatically adjust marker 64, for example as an optical
display on scale 68.

At a balloon navigation step 108, physician 24 navigates
balloon 50 along guidewire 29 to the target location in
ostium 44 by moving balloon slider 66 to the position
indicated by marker 64 on scale 68. This navigation method
1s “blind” 1n a sense that the physician cannot see the actual
location of balloon 50 but depends on the marker position
estimation by processor 34, as described above. In an
embodiment, after positioning balloon 50 in the target
location of ostium 44, physician 24 may acquire an addi-
tional anatomical image (e.g., using fluoroscopy) to verily
that balloon 50 1s properly positioned in ostium 44. The
disclosed techniques reduce the need for this verification,
thereby saving fluoroscopy resources, redundant 1rradiation
to patient 22 and reducing the overall cycle time of the
sinuplasty procedure.

At a balloon inflation step 110, physician 24 inflates
balloon 50 1n ostium 44 so as to anchor distal end 38 and to
carry out the sinuplasty procedure.

Although the embodiments described herein mainly
address anchoring a catheter distal end 1n sinuplasty proce-
dures, the methods and systems described herein can also be
used 1n other applications, such as 1n Electrophysiology (EP)
and 1interventional cardiology or any other catheterization
procedure guiding a suitable medical device to a selected
location 1n the patient’s body.

It will be appreciated that the embodiments described
above are cited by way of example, and that the present
invention 1s not limited to what has been particularly shown
and described hereinabove. Rather, the scope of the present
invention includes both combinations and sub-combinations
of the various features described hereinabove, as well as
variations and modifications thereof which would occur to
persons skilled in the art upon reading the foregoing descrip-
tion and which are not disclosed 1n the prior art. Documents
incorporated by reference in the present patent application
are to be considered an integral part of the application except
that to the extent any terms are defined in these incorporated
documents 1n a manner that contlicts with the definitions
made explicitly or implicitly in the present specification,
only the defimitions in the present specification should be
considered.

What 1s claimed 1s:

1. A method, comprising:

(a) 1nserting mto a patient organ a catheter comprising:

(1) a position sensor attached to a distal end of the
catheter;

(1) a device, which 1s movable along the catheter; and

(111) a handle, comprising a control for navigating the
device along the catheter to a target location 1n the
patient organ;

(b) estimating, based on a location of the position sensor,

a target position of the control on the handle that
corresponds to the target location of the device;

(c) setting a marker to mark the target position of the

control on the handle without moving the device; and

(d) after setting the marker, navigating the device to the

target location by setting the control to the marker.

2. The method according to claim 1, further comprising
acquiring an anatomical image of the patient organ before
inserting the catheter, and registering the location of the
position sensor with the anatomical 1image.

3. The method according to claim 2, wherein estimating,
the target position comprises determining allowed boundar-
ies for the target location relative to the anatomical image,
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and estimating the target position based on: the location of
the position sensor on the anatomical image; the allowed
boundaries; and predefined dimensions of the device.

4. The method according to claim 1, wherein the marker

comprises an adjustable mechanical stopper that 1s config-
ured to move relative to both the handle and the control,
wherein setting the marker comprises adjusting a position of
the mechanical stopper to the target position on the handle,
and wherein setting the control comprises sliding the control
on the handle until the control physically hits the mechanical
stopper.

5. The method according to claim 1, wherein the device
comprises an anchoring device for anchoring the distal end
of the catheter 1n the body of the patient.

6. The method according to claim 5, wherein the anchor-
ing device comprises an inilatable balloon.

7. The method according to claim 1, wherein the marker
1s a user adjustable marker that 1s configured to indicate the
position of the device that brings the device to the target
location 1n an ostium of the patient organ.

8. The method according to claim 1, further comprising
displaying on a display the target position of the control
prior to setting the marker to mark the target position of the
control on the handle.

9. A system, comprising:

(a) a catheter, comprising:

(1) an 1nsertion tube for insertion 1nto a patient organ;

(11) a position sensor attached to a distal end of the
catheter, wherein the position sensor 1s configured to
provide a position of the distal end 1n the patient
organ;

(111) a device, which 1s configured to move along the
catheter; and

(1v) a handle comprising a control, wherein the control
1s configured to move along the handle to navigate

the device along the catheter to a target location 1n
the patient organ;

(v) a marker configured to mark a target position of the
control on the handle, wherein the marker 1s config-
ured to selectively move longitudinally along the
handle and relative to the control until the marker
abuts the control; and

(b) a processor, which 1s configured to:

(1) estimate, based on a location of the position sensor,
the target position of the control on the handle that
corresponds to the target location of the device; and

(11) set the marker on the handle without moving the
device.

10. The system according to claim 9, wherein the pro-
cessor 1s configured to recerve an anatomical 1mage of the
organ, which 1s acquired before inserting the catheter, and to
register the location of the position sensor with the anatomai-
cal image.

11. The system according to claim 10, wherein the pro-
cessor 1s configured to determine allowed boundaries for the
target location relative to the anatomical image, and to
estimate the target position based on: the location of the
registered position sensor on the anatomical image; the
allowed boundaries; and predefined dimensions of the
device.

12. The system according to claim 9, wherein the marker
comprises an adjustable mechanical stopper that 1s config-
ured to move relative to both the handle and the control, and
wherein the processor 1s configured to display an adjusted
position of the mechanical stopper to the target position on

the handle.
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13. The system according to claim 9, wherein the device
comprises an anchoring device for anchoring the distal end
of the catheter 1n the body of the patient.

14. The system according to claiam 13, wherein the
anchoring device comprises an intlatable balloon, wherein
the system includes a display 1n signal communication with
the processor, wherein the inflatable balloon does not com-
prise a position sensor and 1s not imaged on the display.

15. The system according to claim 9, wherein the pro-
cessor 1s configured to estimate the target position of the
control on a scale and display the target position of the
control on the scale using the marker.

16. The system according to claim 9, wherein the marker
includes a digital scale and a digital marker, wherein the
processor 1s configured to display the digital marker directly
on the digital scale.

17. A method, comprising:

(a) 1nserting mto a patient organ a catheter comprising:

(1) a guidewire, wherein the guidewire 1s configured to
selectively longitudinally advance and selectively
rotate,

(11) a position sensor attached to a distal end of the
guidewire;

(111) an inflatable balloon, which 1s movable along the
guidewire, wheremn a distal end of the inflatable
balloon 1s positioned proximal to the position sensor;
and

(1v) a handle, comprising a control for navigating the

inflatable balloon along the guidewire to a target
location 1n the patient organ;
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(b) selectively longitudinally advancing and selectively
rotating the guidewire to the target location in the
organ;

(¢) estimating, based on a location of the position sensor,
a target position of the control on the handle that
corresponds to the target location of the inflatable
balloon;

(d) setting a marker on the handle to mark the target
position of the control on the handle;

(e¢) distally advancing the inflatable balloon along the
guidewire to the target location by setting the control to
the marker; and

(1) inflating the inflatable balloon at the target location in
the patient organ.

18. The method of claim 17, wherein the handle further
comprises a wire spinner, wherein selectively rotating the
guidewire further comprises selectively rotating the guide-
wire using the wire spinner.

19. The method of claim 18, wherein the handle further
comprises a wire slider that i1s configured to selectively
longitudinally advance the guidewire, wherein selectively
longitudinally advancing the guidewire further comprises
sliding the wire slider distally relative to the handle to move
the 1ntlatable balloon distally closer to the position sensor.

20. The method of claim 19, wherein the control of the
handle further comprises a balloon slider, wherein distally
moving the inflatable balloon further comprises distally
moving the inflatable balloon along the guidewire to the
target location by sliding the balloon slider distally until the
balloon slider contacts the marker indicating the inflatable
balloon 1s at the target location 1n the patient organ.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

